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MaOBJECTIVES The purpose of this study was to test the hypothesis that handheld ultrasound (HHU) provides a more
accurate diagnosis than physical examination in patients with suspected cardiovascular abnormalities and that its use
thus reduces additional testing and overall costs.
BACKGROUND Despite the limitations of physical examination and the demonstrated superiority of HHU for detecting
cardiac abnormalities, it is not routinely used for the bedside diagnosis of cardiac conditions.
METHODS Patients referred for a standard echocardiogram for common indications (cardiac function, murmur, stroke,
arrhythmias, and miscellaneous) underwent physical examination and HHU by different cardiologists, who ﬁlled out a
form that also included suggestions for additional testing, if necessary, based on their ﬁndings.
RESULTS Of 250 patients, 142 had an abnormal ﬁnding on standard echocardiogram. Of these, HHU correctly identiﬁed
117 patients (82%), and physical examination correctly identiﬁed 67 (47%, p < 0.0001). HHU was superior to physical
examination (p < 0.0001) for both normal and abnormal cardiac function. It was also superior to physical examination in
correctly identifying the presence of substantial valve disease (71% vs. 31%, p ¼ 0.0003) and in identifying miscella-
neous ﬁndings (47% vs. 3%, p < 0.0001). Of 108 patients without any abnormalities on standard echocardiography,
further testing was suggested for 89 (82%) undergoing physical examination versus only 60 (56%) undergoing HHU
(p < 0.0001). Cost modeling showed that HHU had an average cost of $644.43 versus an average cost of $707.44 for
physical examination. This yielded a savings of $63.01 per patient when HHU was used versus physical examination.
CONCLUSIONS When used by cardiologists, HHU provides a more accurate diagnosis than physical examination for the
majority of common cardiovascular abnormalities. The ﬁnding of no signiﬁcant abnormality on HHU is also likely to result
in less downstream testing and thus potentially reduce the overall cost for patients being evaluated for a cardiovascular
diagnosis. (J Am Coll Cardiol Img 2014;7:983–90) © 2014 by the American College of Cardiology Foundation.P hysical examination has been the mainstayfor the point-of-care diagnosis of cardiovascu-lar disease for centuries. Despite reports on
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ABBR EV I A T I ON S
AND ACRONYMS
BMI = body mass index
HHU = handheld ultrasound
LV = left ventricular
RV = right ventricular
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984the physical examination (3–6), the stetho-
scope has not been replaced, in whole or in
part, as the principal means of the bedside
diagnosis of cardiac conditions.
An adverse consequence of the inaccu-
racy of physical examination is missing a
diagnosis such as critical aortic stenosis orsigniﬁcant mitral regurgitation in a patient with se-
vere left ventricular (LV) dysfunction. Another
adverse consequence is the lack of conﬁdence
regarding the clinical signiﬁcance of a physical
ﬁnding (e.g., a murmur), which frequently leads to
ordering a test that is often unnecessary. Finally,
there are cardiac abnormalities that cannot be
assessed by physical examination, such as moderate
LV dysfunction, LV thrombus, and vegetation. For
all these reasons, a direct visual assessment of car-
diac structures and function at the point of care
makes eminent sense.
We hypothesized that use of a handheld ultra-
sound (HHU) device that could be easily deployed
at the point of care would provide a more accu-
rate diagnosis than physical examination in patients
suspected of having cardiovascular abnormalities.
We also reasoned that ﬁnding no abnormality on
HHU would reduce the chances of ordering an un-
necessary test and thus potentially reduce overall
cost in patients being evaluated for a cardiovascular
diagnosis.
METHODS
STUDY DESIGN. This was a prospective study
designed to compare HHU with physical examination
in patients admitted to the hospital and referred for
echocardiography. The reference standard was a
routine 2-dimensional Doppler echocardiogram. The
indications were broadly grouped under the 5 most
common categories seen in an echocardiography lab-
oratory: 1) LV function in patients with chest pain,
dyspnea, and the like; 2) valve disease in patients with
murmurs or known valve disease; 3) a cardiac source
of embolism in patients with stroke; 4) structural heart
disease in patients with arrhythmias; 5) and miscel-
laneous (congenital abnormalities, hypertrophic car-
diomyopathy, diseases of ascending aorta, pericardial
effusion, etc.). Because some patients were referred
for more than 1 indication, each patient was assigned
a primary and, if needed, a secondary indication.
The study was approved by the Institutional
Human Investigation Committee at the Oregon
Health & Science University. All patients gave written
informed consent. Pregnant subjects and those <18
years of age were excluded.A cardiology fellow (M.M. or T.J.) was assigned
to the echocardiography laboratory to identify
patients referred for 1 or more of the above 5 cat-
egories. The number of patients selected for each
indication was roughly proportional to the frequency
with which they were referred to the echocardio-
graphy laboratory. The fellow then identiﬁed a car-
diology attending physician who examined the
patient without access to the echocardiogram re-
sults. The patient was also examined the same day
by another cardiologist using HHU, who also was
blinded to the standard echocardiogram ﬁndings.
Each attending physician was only told of the indi-
cation for which the standard echocardiogram had
been ordered and was not allowed to obtain a pa-
tient history. They then completed a pre-designed
form (Table 1). In addition, they indicated that
based on their examination, the patient either
needed no further testing or needed to undergo 1 of
the tests listed in Table 1 to further clarify the
diagnosis.
HHU was performed using a pocket-sized, battery-
operated device (Vscan, GE Healthcare, Milwaukee,
Wisconsin) weighing 39 g with a length of 13.5 cm,
a width of 7.3 cm, and a thickness of 2.8 cm,
attached to a broad-bandwidth ultrasound probe
(1.7 to 3.8 MHz). It provides B-mode and color
Doppler images but no spectral Doppler data. Its
retail price is $7,900.
LV and right ventricular (RV) function and pul-
monary artery pressure were classiﬁed by both
physical examination and HHU as either normal or
abnormal. Valve disease was classiﬁed as none, mild,
moderate, or severe. LV hypertrophy; LV, RV, and
aortic dilation; hypertrophic cardiomyopathy; ven-
tricular or atrial septal defect; and pericardial effu-
sion were classiﬁed as being present or absent on both
physical examination and HHU. For stroke patients,
although hand-agitated saline was administered as
per protocol for the standard echocardiogram to rule
out a patent foramen ovale, it was not performed as a
part of the HHU examination. Consequently, for
purposes of this study, the cardiac sources of stroke
included only LV thrombus or endocarditis.
There were 17 cardiologists who performed the
physical examination. They were classiﬁed according
to level of clinical experience based on the number of
years they had practiced as an attending physician
(<5, 5 to 10, or >10 years). There were 4 cardiologists
who performed HHU examinations. They all had
some experience in echocardiography, varying
from <2 years to >20 years.
STATISTICAL ANALYSIS. The data were analyzed in
2 steps. The ﬁrst was a comparison of HHU and
TABLE 1 Data Entry Sheet
Study Number _______________________________________________ Date ___________________________________________
Subject Name ________________________________________________ Age __________ Sex ___________________________
BMI ________________________ Medical Record #:______________________
Primary indication for standard echocardiogram ______________________________________
Findings:
Normal cardiac examination: Yes No
Mitral stenosis: None Mild Moderate Severe
Mitral regurgitation: None Mild Moderate Severe
Mitral valve prolapse: Yes No
Aortic stenosis: None Mild Moderate Severe
Aortic regurgitation: None Mild Moderate Severe
Ascending aortic dilation: Yes No
Pulmonic stenosis: None Mild Moderate Severe
Pulmonic regurgitation: None Mild Moderate Severe
Tricuspid stenosis: None Mild Moderate Severe
Tricuspid regurgitation: None Mild Moderate Severe
Pulmonary hypertension: Yes No
Atrial septal defect: Yes No
Ventricular septal defect: Yes No
Hypertrophic cardiomyopathy: Yes No
LV hypertrophy: Yes No
LV dilation: Yes No
LV function: Normal Reduced (LV ejection fraction <40%)
RV dilation: Yes No
RV function: Normal Reduced (tricuspid annular systolic
excursion <1.5 cm)
Estimated right atrial pressure: Normal Elevated
Pericardial effusion: Yes No
Other congenital heart disease: __________________________________________________________
Next step in testing:
_______________________ Invasive procedures (coronary angiography, left heart and/or right heart
catheterization)
_______________________ Cardiac computed tomography including coronary angiography
_______________________ Echocardiography (transthoracic, transesophageal, stress)
_______________________ Cardiac magnetic resonance imaging
_______________________ Nuclear cardiology–based procedures (exercise single-photon emission
tomography, gated blood pool imaging, positron emission tomography)
_______________________ No further testing
Other Comments:
________________________________________________________________________________________________________________________
BMI ¼ body mass index; LV ¼ left ventricular; RV ¼ right ventricular.
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985physical examination for any abnormal ﬁnding that
was noted on the standard echocardiogram, which
was interpreted by trained cardiologists assigned to
the echocardiography laboratory. Mild abnormalities
were not considered different from normal. Abnor-
malities (especially in terms of valve ﬁndings) had to
be substantially different (e.g., none versus moder-
ate, or mild versus severe) to be considered disparate
between the 2 methods. The second analysis was the
comparison between HHU and physical examination
for the primary and secondary indication for the
standard echocardiogram. The charges assigned for
downstream testing were obtained from the hospital
billing department.
A McNemar test, using the binomial distribution to
calculate exact p values, was used to compare the
correct diagnosis between HHU and physical exami-
nation for each distinct disease category, with the
standard echocardiogram serving as the reference.
The inability to assess a condition by either method
was considered an incorrect diagnosis for purposes of
analysis.
For each condition, we also used logistic regression
analysis that controlled for patient age and sex to
determine whether obtaining a correct diagnosis by
either physical examination or HHU was related to
the level of experience of the cardiologist. Sample
sizes needed for detection of differences in false
positive or false negative fractions between HHU and
physical examination with 90% power at signiﬁcance
level of 0.05 were determined on the basis of
assumed discordance for each diagnosis.
A cost-analysis model was created (Figure 1) with
TreeAgePro 2012 (TreeAge Software Inc., Williams-
town, Massachusetts). We assumed that patients
undergoing either physical examination or HHU
would then be recommended to undergo no testing
or 1 of the tests listed in Table 1. The Current Proce-
dural Terminology (CPT) codes for these tests are
listed in Table 2. The probability of needing addi-
tional testing was derived from the data collected in
the current study (Table 1). For HHU and physical
examination, we used duration of the examination
to derive a cost based on average physician pay.
Because this was an inpatient study, we did not
incorporate time costs of the patient. In the arm that
used HHU, we also added the average cost per use
of the HHU unit, with total costs amortized over a
5-year expected use (1,000 studies). The costs of each
test were based on the facility and professional
charges at Oregon Health & Science University
(Table 2), and true costs were then calculated with a
cost/charge ratio of 0.434, which was derived from
Medicare data.RESULTS
PATIENT POPULATION. We recruited 250 patients
(164 men and 86 women) ranging in age from 19 to
101 years (mean age 61  15 years). The mean body
mass index (BMI) was 29.9  6.6 kg/m2. A BMI >30 kg/
m2 was noted in 109 patients (44%). One hundred
seven patients had at least 1 ﬁnding in Table 1 not
assessable by physical examination. The mean BMI of
these patients was not different from the 143 patients
in whom all ﬁndings were assessable on physical ex-
amination (29.8 vs. 30.0 kg/m2, p ¼ 0.85). Similarly,
FIGURE 1 Cost Analysis Model Used in the Study
See text for details. MRI ¼ magnetic resonance imaging.
TABLE 2
CPT
Code
93454
99306
93312
93352
78452
75557
CPT ¼ Curr
photon emi
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986the BMI of the 29 patients in whom at least 1 ﬁnding
in Table 1 was not assessable by HHU was no different
from the 221 in whom all ﬁndings were assessable
(31.7 vs. 29.7 kg/m2, p ¼ 0.16). The time taken for
physical examination was 5  3 min, whereas that for
HHU was 8  3 min.
FINDINGS BASED ON ENTIRE EXAMINATION. Of the
250 patients, 142 had an abnormal ﬁnding on stan-
dard echocardiography. Of these, HHU correctly
identiﬁed 117 patients (82%), and physical examina-
tion correctly identiﬁed 67 (47%, p < 0.0001) with at
least 1 abnormality seen on the standard echocar-
diogram. Table 3 compares the results of HHU and
physical examination based on the ﬁndings of each
regardless of the clinical indication. HHU was vastly
superior to physical examination for both normal and
abnormal LV and RV function. Both approaches wereCPT Codes for Additional Tests That Would Have Been Ordered
Study
Facility
Charge
Professional
Charge
Coronary angiogram $7,890 $646
Transthoracic echocardiogram $1,349 $162
Transesophageal echocardiogram $1,095 $266
Stress echocardiogram with contrast $1,413 $270
Stress myocardial perfusion scan (SPECT) $1,886 $192
Cardiac MRI without contrast $1,197 $289
ent Procedural Terminology; MRI ¼ magnetic resonance imaging; SPECT ¼ single-
ssion computed tomography.equivalent in determining the absence or presence of
pulmonary hypertension, with neither approach per-
forming particularly well in detecting the presence of
pulmonary hypertension. Of note, unlike the stan-
dard echocardiogram, the HHU equipment does not
have spectral Doppler, and hence, the tricuspid jet
velocity used to calculate the pulmonary artery
pressure cannot be measured.
Although both methods could reliably exclude
substantial valve disease (moderate or severe steno-
sis or regurgitation), HHU was far superior in terms of
correctly identifying the presence of such disease.
HHU was also marginally superior to physical exam-
ination in excluding several miscellaneous ﬁndings
but was far superior in terms of identifying these
ﬁndings when they were present, although the ac-
curacy of HHU was also not exemplary in this
situation.
Table 4 illustrates the performance of HHU and
physical examination in the assessment of substan-
tial (moderate or severe) valve disease. Only the 3
diseases that were present in more than 10 in-
dividuals in this population are listed. For all 3 con-
ditions (mitral as well as tricuspid regurgitation and
aortic stenosis), the 2 methods were equivalent in
terms of excluding disease; however, HHU was
markedly superior in identifying the presence of
moderate to severe mitral and tricuspid regurgita-
tion, but not aortic stenosis.
DIAGNOSIS BASED ON INDICATION. Table 5 depicts
the performance of physical examination and HHU
based on the clinical indication for the original
echocardiogram. HHU was vastly superior to physical
examination for assessment of LV function in the 172
patients referred to the echocardiography laboratory
with chest pain or dyspnea as the primary or sec-
ondary indication. Both normal and abnormal LV
function were far better assessed by HHU than by
physical examination. In these 172 patients, the pu-
tative cause of patient symptoms was correctly
assessed in 152 patients (88%) by HHU and in only 78
(45%) by physical examination (p < 0.0001).
Moderate or severe valve disease was rarely the
cause of murmur in the 50 patients with this indica-
tion; however, HHU correctly identiﬁed all 38 pa-
tients who did not have signiﬁcant valve disease
compared with only 29 such patients identiﬁed by
physical examination. In terms of ﬁnding a cardiac
source of stroke, almost one-half (12) of these 26 pa-
tients had no cardiac abnormalities on standard
echocardiography. Eight of 14 patients with stroke
who had some abnormality on standard echocardi-
ography were correctly identiﬁed by HHU compared
with only 4 on physical examination. Similarly, of
TABLE 3 Correct Diagnoses by HHU and PE With the Standard Echocardiogram
as the Reference
Echocardiogram Finding
HHU %
Correct
PE %
Correct
% Difference
(95% CI) p Value
Normal LV function (n ¼ 196) 89 58 31 (23 to 39) <0.0001
Abnormal LV function (n ¼ 54) 96 35 61 (45 to 77) <0.0001
Normal RV function (n ¼ 203) 94 57 37 (30 to 45) <0.0001
Abnormal RV function (n ¼ 47) 68 21 47 (26 to 67) 0.0001
Pulmonary hypertension absent (n ¼ 191) 92 89 3.1 (3 to 9.3) 0.36
Pulmonary hypertension present (n ¼ 59) 53 42 10 (8.3 to 28.6) 0.33
Valve disease, mild or absent (n ¼ 199) 94 91 3.5 (1.9 to 8.9) 0.23
Valve disease, moderate or severe (n ¼ 51) 71 31 39 (19 to 59) 0.0003
Miscellaneous ﬁndings* absent (n ¼ 143) 77 64 13 (1.7 to 23.5) 0.02
Miscellaneous ﬁndings* present (n ¼ 107) 47 3 44 (33 to 55) <0.0001
*Miscellaneous ﬁndings include LV, RV, and aortic dilation; LV hypertrophy; hypertrophic cardiomyopathy; atrial
and ventricular septal defect and other congenital abnormalities; and pericardial effusion.
CI ¼ conﬁdence interval; HHU ¼ handheld ultrasound; LV ¼ left ventricular; PE ¼ physical examination;
RV ¼ right ventricular.
TABLE 4 Accuracy of HHU and PE in Moderate to Severe Cardiac Valve Disease
Based on Standard Echocardiogram*
Echocardiogram Finding
HHU %
Correct
PE %
Correct
% Difference
(95% CI) p Value
Mitral regurgitation absent (n ¼ 230) 99.6 97.0 2.6 (0.2 to 5.4) 0.07
Mitral regurgitation present (n ¼ 230) 100.0 60.0 40.0 (14.0 to 66.0) 0.008
Tricuspid regurgitation absent (n ¼ 225) 97.0 98.0 0.9 (4.1 to 2.3) 0.75
Tricuspid regurgitation present (n ¼ 25) 88.0 28.0 60.0 (31.0 to 89.0) 0.0007
Aortic stenosis absent (n ¼ 234) 97.9 96.6 1.2 (1.9 to 4.4) 0.55
Aortic stenosis present (n ¼ 16) 93.8 87.5 6.3† 1.0
*There were only 10 patients with moderate or severe aortic regurgitation, tricuspid or mitral stenosis, or
pulmonary valve disease. †Small samples prevented the calculation of a reliable CI.
CI ¼ conﬁdence interval; HHU ¼ handheld ultrasound; PE ¼ physical examination.
J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 7 , N O . 1 0 , 2 0 1 4 Mehta et al.
O C T O B E R 2 0 1 4 : 9 8 3 – 9 0 Handheld Ultrasound vs. Physical Examination
98720 patients with arrhythmias, cardiac structural ab-
normalities were found in only 10 on standard echo-
cardiogram. Of these, 8 were correctly identiﬁed by
HHU compared with only 3 by physical examination.
Miscellaneous indications were too few for mean-
ingful comparison.
LEVEL OF EXPERIENCE. Of 17 cardiologists who
performed physical examination, 4 had <5 years of
experience and performed 23.5% of the examinations,
3 had 5 to 10 years of experience and performed 17.6%
of the examinations, and 10 had >10 years of experi-
ence and performed 58.8% of the examinations.
Except for the presence of pulmonary hypertension,
greater experience was not correlated with a more
accurate diagnosis. Correct diagnosis by HHU was
also not related to the echocardiography experience
of the cardiologist for any of the conditions.
DOWNSTREAM TESTING. Table 6 illustrates further
testing suggested after physical examination and
HHU in the 250 patients. Of the 142 patients with at
least 1 abnormality on the standard echocardiogram,
further testing was suggested in 128 patients (90%)
after physical examination and in 129 patients (91%)
after HHU (p ¼ 1.0). There was a marginal increase in
charges of $5,874 after HHU examination, mostly
related to an additional angiogram suggested after
HHU. In comparison, of 108 patients without any
abnormalities on standard echocardiography, further
testing was suggested in 89 (82%) undergoing phys-
ical examination versus only 60 (56%) undergoing
HHU (p < 0.0001). There were appreciable savings
because of the reduction in the number of down-
stream tests suggested after HHU. Most of the cost
savings were achieved by a more accurate assessment
of LV function by HHU.
Our modeling showed that HHU had an average
cost of $644.43 versus an average cost of $707.44
for physical examination. This yielded a savings of
$63.01 per patient for HHU versus physical examina-
tion. We then performed a sensitivity analysis that
examined the additional length of hospital stay re-
quired when additional tests are ordered. With the
assumption that additional tests would add another
half-day hospital stay, the average cost of HHU was
$1,262.43 versus $1,415.44 for physical examination.
DISCUSSION
Our study demonstrates that HHU provides timely
and more accurate diagnosis than physical examina-
tion for the majority of common cardiovascular ab-
normalities, as well as for the common indications for
which echocardiograms are ordered. Furthermore,ﬁnding no signiﬁcant abnormality on HHU is also
likely to result in less downstream testing and thus
potentially could reduce the overall cost for patients
being evaluated for suspected cardiovascular disease.
Some form of HHU has been available in the clinical
setting now for a decade or more. Initial studies using
relatively larger devices reported that they compared
favorably with the standard echocardiogram in terms
of making cardiac measurements (7–12) and the
diagnosis of speciﬁc cardiac conditions (13–20). These
devices have also begun to be used to assist with
vascular access (21) and removal of ﬂuid from the
thorax and pericardium (22). They are being placed in
critical care units or emergency departments to assist
in the evaluation of hemodynamically compromised
patients, to rule out severe LV dysfunction, pericar-
dial effusion, and pulmonary embolism, for example
(23–27). Guidelines have been developed by profes-
sional societies for the use of focused ultrasound
examinations in these settings (21,28–30).
TABLE 5 Rate of Correct Diagnosis by HHU and PE Based on Initial
Echocardiogram Indication*
Clinical Indication*
Echocardiographic
Parameter
HHU
Correct
PE
Correct p Value
Chest pain/dyspnea
(n ¼ 172)
Normal LV function 106 (85) 59 (48) <0.0001
Abnormal LV function 46 (96) 19 (40) <0.0001
Murmur (n ¼ 50) No or mild valve disease 8 (100) 29 (76) 0.004
Moderate or severe
valve disease
8 (67) 4 (33) 0.22
Stroke (n ¼ 26) No abnormality 10 (83) 8 (67) 0.69
Any abnormality 8 (57) 4 (29) 0.29
Arrhythmia (n ¼ 20) No abnormality 9 (90) 3 (30) 0.03
Any abnormality 8 (80) 3 (30) 0.18
Values are n (%). *The indications included both primary and secondary indications. For any abnormality to be
correct, at least 1 disease had to be correctly detected. Valve disease included stenosis or regurgitation of any
of the 4 cardiac valves.
HHU ¼ handheld ultrasound; PE ¼ physical examination.
TABLE 6
In
After phys
Chest p
Murmur
Stroke
Arrhyth
Pulmon
Miscella
After HHU
Chest p
Murmur
Stroke
Arrhyth
Miscella
*Both prima
HHU ¼ h
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988HHU has also been used as a screening and diag-
nostic tool in locations without access to the standard
echocardiogram (31–34). Images have been inter-
preted either on site or remotely through some form
of telemedicine or Internet-based access to uploaded
images (33,35). In 1 instance, more than 1,000 pa-
tients were scanned by 9 sonographers, and images
were interpreted through an Internet site by 75
cardiologists from remote continents (33). One-third
of these screened patients with suspected cardiacAdditional Testing Suggested Based on Indication*
dication Recommendation Total
ical examination
ain/dyspnea Transthoracic echocardiogram 141
Coronary angiogram 5
Stress myocardial perfusion scan 3
Cardiac magnetic resonance imaging 1
Transthoracic echocardiogram 45
Cardiac magnetic resonance imaging 1
Transthoracic echocardiogram 21
Coronary angiogram 1
mia Transthoracic echocardiogram 15
ary embolism Transthoracic echocardiogram 1
neous Transthoracic echocardiogram 3
examination
ain/dyspnea Transthoracic echocardiogram 132
Coronary angiogram 7
Cardiac magnetic resonance imaging 1
Transthoracic echocardiogram 35
Transthoracic echocardiogram 17
mia Transthoracic echocardiogram 11
neous Transthoracic echocardiogram 3
ry and secondary indications.
andheld ultrasound.conditions were found to have cardiovascular
abnormalities.
There have also been reports on the ease of
training medical students and residents on the use of
HHU, thus enhancing their ability to make a correct
diagnosis (4,7,18,36). Several medical schools have
incorporated HHU in their core curriculum. However,
attempts at introducing HHU to practicing physicians
(including cardiologists, all of whom are now being
trained in echocardiography and many of whom
interpret standard echocardiograms in their hospitals
or practices) have failed for several reasons. First is
the reluctance on the part of most physicians to
obtain additional, albeit minimal, training in the use
of HHU. Second is the perception that HHU exami-
nation takes considerably more time than physical
examination, thus making it unfeasible in a busy
practice. Third, there is no ﬁnancial or other incentive
for it; it takes more time without providing additional
compensation. Fourth, at least among some cardiol-
ogists, there may be a concern that it will reduce the
need for a standard echocardiogram, which may
adversely affect their income in the current fee-for-
service setting. Fifth is the opposite concern that
based on HHU, spurious echocardiograms will be or-
dered, increasing overall cost. Sixth is the argument
that HHU is not as accurate as the standard echocar-
diogram (29,30,37,38).
Because HHU is so superior to physical examina-
tion in terms of making a diagnosis and potentially
reducing the need for unnecessary tests, these argu-
ments have very little import. In terms of additional
training, physicians routinely receive continuing
medical education, and a 2-day course on the use of
HHU complemented by readily available supple-
mental online training could easily be implemented.
HHU takes marginally more time than physical ex-
amination (mean of 8 min for HHU vs. 5 min for
physical examination in our study, with similar re-
sults in another study [39]). For the additional time
taken, and given that HHU use can potentially reduce
cost to the system, its use makes sense and should be
incentivized.
The use of HHU could reduce referrals for the
standard echocardiogram, at least among cardiolo-
gists and even among other physicians as they
become accustomed to its use. In a fee-for-service
environment, this may be a disincentive, but in a
capitated one, this may contribute to lowering
healthcare costs. A previous study also showed that
when HHU was performed by appropriately trained
personnel, referrals for standard echocardiogram did
not increase and normal ﬁndings on HHU decreased
downstream testing (39). Although HHU is not as
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989robust as a standard echocardiogram for conﬁrming
or excluding cardiac ﬁndings, that is not its primary
purpose.
Our study was intentionally designed to test our
hypotheses in the best-case scenario; both the phys-
ical examination and HHU were performed by board-
certiﬁed cardiologists in patients suspected of having
cardiovascular abnormalities. Both methods, there-
fore, had the best chance to succeed. In this setting,
HHU identiﬁed 82% of patients with cardiac abnor-
malities on standard echocardiography, whereas
physical examination identiﬁed only 47%. The puta-
tive cause of patient symptoms (based on indication
for the standard echocardiogram) was correctly
assessed in 88% of patients by HHU and in only 45%
by physical examination. HHU was superior to phys-
ical examination in almost all categories of cardio-
vascular diseases. Interestingly, the level of
experience did not inﬂuence the accuracy of either
physical examination or HHU.
Importantly, when no abnormalities were found,
the physician using HHU felt more conﬁdent not
ordering an additional test than the one performing
physical examination. Further testing was suggested
in 82% of patients with no abnormalities undergoing
physical examination versus only 56% undergoing
HHU. As a consequence, the total estimated cost
decreased. The actual additional tests performed in
these patients were close to those suggested by users
of HHU. Most of the patients in whom no additional
testing was suggested after HHU examination were
those in whom LV and RV function assessment or
murmur formed the basis of the standard echocar-
diogram indication. These indications deﬁne the
majority of patients referred for echocardiography.
With increasing familiarity with HHU and positive
feedback regarding patient outcomes, it is likely that
fewer standard echocardiograms will be ordered in
patients undergoing HHU examination.
STUDY LIMITATIONS. The number of patients was
modest, although for most disease conditions, the
power calculation suggested that 250 patients were
adequate. The misdiagnosis of valvular disease by
physical examination was inﬂuenced by the severity
of disease in our study rather than just its presence orabsence. Our cost estimates were based on assump-
tions of additional tests. With a few exceptions, the
actual tests ordered, however, were very close to
those suggested by the physicians. Future studies
could randomize patients to either approach and
examine downstream costs as well as outcomes.
Finally, the value of HHU needs to be tested in the
day-to-day practice of a primary care physician or
midlevel provider to assess its impact on the practice
of medicine.
CONCLUSIONS
Our ﬁndings indicate that the use of HHU should be
encouraged among cardiologists either in addition
to or in lieu of the stethoscope. Most contemporary
trained cardiologists can perform and interpret a
basic echocardiographic examination. As their expe-
rience with HHU increases, they are likely to decrease
the use of the stethoscope. Future developments in
HHU devices should allow auscultation of the lungs
with the same probe that images the heart (using
sound). Although ultrasound can detect comets and
Kerley B lines in the lungs, these usually represent
advanced stages of heart failure. Auscultation of the
lungs is still necessary to assess the presence or
absence of early stages of heart failure. The ability to
auscultate with the same device will provide a truly
comprehensive cardiovascular examination. These
devices could have applications (“apps”) that would
allow physicians to access Internet-based informa-
tion. They could even act as a pager or cell phone. The
size needs to be even smaller, to ﬁt easily into a coat
pocket, and the probe needs to communicate wire-
lessly with the device. In this manner, a physician
could have an all-purpose tool in his or her pocket
that would be more in keeping with the 21st century
than the stethoscope, a 200-year-old technology
whose time should be over.
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